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ABSTRACT
To aid in investigations of energetic particle effects on the backscattered
ultraviolet (BUV) instrumentation aboard Nimbus 4, this report summarizes
solar proton events characterized as polar cap absorption (PCA) events occur-
ring in the period April 1970 to April 1976. Approximately 15 occurred from
15 April 1970 to 30 April 1971, near the maximum of the 11-yr solar cycle,
and only one is listed in calendar 1975, a solar minimum year. Short-lived
solar proton bursts in the energy range 10-60 MeV from the sun occurred every
3 or 4 days during months in 1970. The bursts last for a few hours to half
a day (sometimes longer), and they are accompanied by solar radio noise bursts,
but are not necessarily associated with PCA's. Analysis of energetic particle
effects on total ozone above the 4 mb pressure level measured by Nimbus 4
during August 1972 indicates that utilization of geomagnetic coordinates clears
up some puzzling aspects of the observations. In particular, daily zonal (BUV)
0 averages in the geographic latitude band 55-65 N show a modulation with a
period of about 8 days from Aug. 4, 1972 to. the end of the month; this period-
icity is introduced by the satellite being sometimes within the region acces-
sible to incoming solar protons and sometimes outside of it. A summary of the
proceedings of a Workshop Meeting of Operation Aurorozone is included in the
report as background material for possible effects of bremsstrahlung on
atmospheric ozone.
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1. INTRODUCTION
The backscattered ultraviolet (BUV) experiment aboard the Nimbus 4 satellite
has provided data for investigations of atmospheric ozone variations with height,
latitude, season and longer time periods (Heath, et al, 1974; Heath, 1974), and
for studies of relationships between BUV intensity and solar parameters (Heath,
1973; Heath and Wilcox, 1975).
To obtain absolute intensities of the BUV signals, and hence quantitative
measures of atmospheric ozone, the raw current signal from the BUV sensors must
be corrected for the background current (dark current) inherent in the instrumen-
tation. The dark current, that is the current measured in the absence of any
incident ultraviolet signal, can to a first approximation, be considered to be
at a constant level. However, research at Goddard Space Flight Center (Stass-
inopoulos, et al, 1973) has shown that the dark current increases when the instru-
mentation is subjected to enhanced energetic" particle bombardment.
Since the satellite is in a circular orbit at 1100-km altitude and 100 in-
clination (Heath, et al, 1973), it passes through naturally occurring fluxes of
energetic particles in certain time periods and regions of space. Stassinopoulos,
et al (1973), for example, have indicated that Nimbus 4 traverses the radiation
belts twice each orbit, with a predicted effect on the dark current. This
effect is not serious for total ozone, but it can lead-to errors :in"the" deviration
of ozone height profiles.
Further, it can be expected that severe effects will be encountered in polar
and auroral regions where copious energetic particle penetration to the 1100 km
altitude regime occurs during solar-terrestrial disturbances. This report is
therefore concerned with those characteristics of solar-terrestrial disturbances
which may impact on analyses of BUV data (Section 2). Emphasis is given to solar
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proton fluxes emitted by the disturbed sun, since these are not only candidates
for affecting the dark current, but they also may affect atmospheric ozone in
several ways. In the stratosphere solar proton events produce 'nitric oxide (NO)
(Crutzen, et al, 1975), which is an important ozone sink, and in the upper strato-
sphere and mesosphere the protons, once thermalized, will, increase the odd hydro-
gen concentration (Herman and Goldberg, 1976) which also causes catalytic destruc-
tion of ozone (Swider and Keneshea, 1973). The stratospheric ozone effects from
the August 1972 solar proton event have been investigated by Heath, et al (1977).
In Section 3 a summary of the proceedings of the Operation Aurorozone Work-
ing Group Meeting is given. It provides background material for analysis of
bremsstrahlung effects on ozone in the auroral zone. References are collected
alphabetically in Section 4.
2.0 SOLAR PROTON EVENTS
In this section the occurrence and characteristics of solar energetic par-
ticles are discussed. A catalog of principal solar proton events occurring in
the period April 1970 to April 1975 is given in Section 2.1, and additional lesser
events occurring in April, June and July 1970 are given in Section 2.2. Energy
spectra and time variations of protons in selected events are covered in Section
2.3, and the effects of incoming protons on the atmosphere are discussed in
Section 2.4. Application of these concepts to ozone analysis is treated briefly
in- Section 2.5.
2.1 Catalog of Main Solar Events
For investigating energetic particle effects on the BUY dark current, and
solar-terrestrial disturbance effects on atmospheric ozone, it is useful to have
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a catalog of events occurring in the period of operation of the Nimbus 4 BUY
experiment. A listing of ma jor events is given in Table 2.1, as compiled prin-
cipally from Castelli and Barren (1977), Cormier (1973), and Pomerantz and Duggal
(1974). Solar flare data for large events have been discussed by Dodson, et al
(1974).
For identifying solar proton events, reliance is placed mainly on riometer
measurements of polar cap absorption (PCA) at high latitude stations, observation
of solar flare eruptions and solar radio noise emissions, and cosmic ray measure-
ments. In Table 2.1, the date of each reported major event is given in Column 1,
followed in column 2 with the maxijnum absorption (in dB) of 30 MHz cosmic noise
measured by riometers when reported; the notation SAT in this column indicates
\
that instead of riometer data, satellite proton data was used to identify the
event (Castelli and Barren, 1977). The importance of the solar flare most likely
associated with the event is given in column 3, where the number can range from
1 to 4 in order of increasing importance and the letter designation is F for faint,
N for normal, and B for bright.
Exceptionally intense events are marked by an increase in cosmic radiation
measured at the ground as a so-called ground level enhancement or GLE. The per-
centage enhancement for all such events as reported by Pomerantz and Duggal
(1974) is noted in column 4 of Table 2.1. The maximum solar proton flux level
as measured for E - 10 MeV by Explorer 41 is given in column 5 for selected events.
Certain types of solar radio noise bursts are generated by relativistic
solar protons accelerating from the sun, and when these noise bursts are observed
at the Earth the probability is very high that solar protons will soon.be arriving
(e.g., Castelli and Barren, 1977). The times of peak noise bursts in the listed
solar proton events are indicated in column 6.
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Tab.le 2.1. List of Solar Proton Events April 1970 to April 1976
Date
Apr 15 1970
Jun 14 1970
Jul 20 1970
Jul 22 1970
Jul 23 1970
Jul 24 1970
Aug 12 1970
Aug 14 1970
Oct 28 1970
Nov 5 1970
Dec 11 1970
Jan 24 1971
Jan 25 1971
Apr 6 1971
Apr 21 1971
Sep 1 1971
Nov 22 1971
Dec 17 1971
Jan 20 1972
Feb 22 1972
Mar 5 1972
Apr 18 1972
May 24 1972
May 28 1972
Aug 2 1972
Aug . 2 1972
Aug 3 1972
Aug 4 1972
Aug 7 1972
Aug 8 1972
Oct 30 1972
Apr 29 1973
May 1 1973
May 3 1973
May 16 1973
Jun 2 1974
Jul 4 1974
Sep 10 1974
Sep 19 1974
30 MHz
Riometer
Absorption
(dB)
2.0
SAT
SAT
SAT
4.7
3.6
2.6
2.6
SAT
3.5
0.8
11.8
2.3
3.8
0.9
5.2
SAT
1.9
1.8
SAT
SAT
4.5
SAT
2.6
SAT
1.5
>16
>60
>15
15.6
3.1
1.2
SAT
SAT
3.8
SAT
3.8
3.0
2.6
Flare
Imp.
2B
2B
2B
IB
IB
IB
2B
3B
IB
3B
IB
-
IB
2N
IB
IB
2B
IB
3B
3B
3B
IB
2B
IB
2B
IN
2B
IB
2N
Hourly Ave. Time of
Max. Proton Max. Solar
GLE Flux, E710MeV Radio
(%) cm~2s-1ster-1 Burst (UT)
93
3628
29
16
1170
51
3
245
15
8
39
7
90e>ioe
1000
4000
0416
1326
1123
0030
1845
2017
1252
0326
1028
2323
0943
1519
0032
0815
0701
1327
0330
2144
0634
1521
0733
2102
0321
0833
0426
1353
2140
2239
Reference"
1
1
1
1
1
3
1
3
1
1,3
1
1,3
2
1,2
2
2,3
1
2
2
1
1
3
1
1,2,3
1
1,4
2,4
1,3,4
1,2,3,4
3,4
1,3
1,3
1
1
3
1
1
1
1
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Table 2.1. Continued
Oct 11 1974 SAT IN 1447 (UT) 1
Nov 5 1974 0.5 IN 1535 1
Aug 21 1975 0.7 IN 1519 1
Mar 23 1976 unc. SB 08^ 5 1
Apr 30 1976 2.7 2B GLE 2108 1,5
"References
1. Castelli and Barren, 1977 (Section 4)
2. Cormier, 1973
3. Pomerantz and Duggal, 1974
4. Kohl, et al, 1973
5. Private Communication, World Data Center, that GLE occurred this date.
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To round out Table 2.1, column 7 identifies the principal sources of the
tabulated data. Some of the listed information, however, was obtained from
appropriate issues of Solar-Geophysical Data (Comprehensive Reports) published by
the Environmental Data Service of NOAA, and available from the World Data Center
(A) in Boulder, Colorado.
It is of interest to note that special reports containing considerable de-
tailed data have been issued for the events of January 24 and September 1, 1971
(Coffey and Lincoln, 1972) and for August 1972 (Coffey, 1973).
2.2 Transient Events in April, June and July 1970
i
Zonally averaged ozone data for July and August 1972 show no apparent effects
from solar flare occurrences (Heath, et al, 1977). This finding could mean that •
the averaging was done over too large an area; that is, any effects which might
be seen in a relatively small region surrounding the subsolar point would have
been hidden by averaging over all longitudes. Alternatively, the finding could
mean that the time scale of a solar flare eruption1 is simply too short to affect
the ozone layer, since the flare lasts only from a few minutes to a few hours.
It would therefore be worthwhile to analyze the data in terms of transient events
which last for several hours longer than the solar flare event itself, but which
are not necessarily full scale PCA events.
In anticipation that corrected BUY data is released chronologically, months
in the first year of operation have been selected for analysis. These times are
also applicable to dark-current analysis. Identification of transient events was
made first on the basis of solar proton bursts as observed by Explorer 41. The
trajectories for Explorer-41 during this .period are 'given by FairfSeld,^et al C1973),
The time behavior of the hourly averaged' flux.iir a-typical proton- burst with
E=10 MeV is illustrated in Fig. 2.1. The monthly median flux level is plotted
-6-
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Fig. 2.1. Proton flux for E ^  10 MeV measured by Explorer
41 on June 9, 1970.
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for comparison. The double peak is rather typical; nearly all the events in-
vestigated in the 3 months were of this type, but occasionally a single-peaked
burst was observed. On the basis of plots such as this one (Fig. 2.1), Tables
2.2, 2.3, and 2.4 were generated. The beginning time of the burst is defined at
the hour where the flux first exceeds the monthly median, and the ending time is
defined where the flux drpos to or below the median. The. time and magnitude of
burst maximum is given only for the highest peak. Dates, beginning times and im-
portance of possibly related solar flares are entered into the table where appro-
priate. Both proton and flare data were obtained from Solar Geophysical Data
Comprehensive Reports.
Surprizingly, these proton bursts seem to recur every 3 or 4 days. To en-
sure that they were not equipment associated or due to satellite charging effects,
other geophysical parameters were checked for the same times. There was no
strong association with solar magnetic sector boundary crossings because the
number of crossings was only two or three a month while the number of bursts per
month was about nine. However, for each sector boundary crossing a burst did
occur on the same day or one day afterwards. In July 1970, six of the nine bursts
occurred on days designated as geomagnetically disturbed, and of four magnetic
storm sudden commencements (ssc) that month, all occurred on days having proton
bursts detected near Earth by Explorer 41. As a final check, noting that certain
solar radio noise bursts are 'associated with solar proton emission (Castelli and
Barren, 1977), the radio burst data in the Comprehensive Reports were scrutinized.
Without fail, each proton burst detected by Explorer 41 was preceded or accom-
panied by a solar radio noise enhancement. It is therefore concluded that the
proton events listed in Tables 2.2, 2.3, and 2.4.are real rather than spurious
equipment problems.
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Table 2.2. Solar Proton Bursts Measured by Explorer 41 in April 1970.
Maximum Hourly Average Flux
ster )
30MeV E > 60Mev
Apr Date Burst Time (UT) (ci
(UT)
3
6
8
10
16
20
23
26
30
Begin
0200
1500
0100
1800
0400E
1100
1400
0500
End
(0800)
2400
Launch of
(0300)
2100
0600
1600
2400
0700
Maximum
(0400)
(1700)
Nimbus 4
0100
1900
0300?
(1400)
2200
(0600)
E >10MeV
(1972)
2096
2452
6456
(76)
9150
(7672)
4890
467
553
(937)
6329
205
(769)
558
2559
447
459
353
(9103)
26
411
Table 2.3. Solar Proton Bursts Measured by Explorer 41 in June 1970.
Jun Date
(UT)
2
6
9
12
16
19
23
26
29
(2000)
0500
1400
2200
(0400)
1600
0100
0100
1800
0400
1300
2100
0600
(1500)
2300
0800
27/09
0300
2200
0500
1400
2300
0700
1600
0100
1000
1800
4880
6678
3756
6686
3628
6311
9393
4939
4167
4
6991
146
(23)
8596
682
105
10
3
32
114
477
240
1628
324
23
3
Table 2.4. Solar Proton Bursts Measured by Explorer 41 in July 1970.
Jul Date
(UT)
3
7
9
13
16
19
23
26
30
0300
1800
2000
0400
1100
2300
0700
1600
0100
0900
9/10
10/02
1300
2300
20/07
26/12
27/01
1000
0300
0900
2100
, 0600
1600
2300
0800
1600
0100
8178
7
4310
5011
20253
13120
2451
14209
9820
2
13766
30704
23564
589
7
23
9199
280
1
204
26
190
289
3
8
203
Notes: Cumbers in () are uncertain; a dash means no data; in column 3, if the
event ended on a later day, the date followed by a slash and 2-digit
time is given in column 4.
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2.3 Proton Energy Spectra
There is evidence that the atmospheric ozone distribution is altered during
large PCA events (Crutzen, et al, 1975; Heath, et al, 1977). In the mesosphere
the ozone loss is probably due to the HO chemistry (Swider and Keneshea, 1973),
A
and the incoming protons, once thermalized, directly contribute to an increase in
the availability of H (Herman and Goldberg, 1976). In the stratosphere the
ozone loss is probably due to increased NO. Crutzen, et al (1975) suggest as a
rule of thumb that the amount of NO produced by a solar proton event is approxi-
mately 1.5 times the ion-pair production rate due to incoming protons. In this
section we therefore review the spectral characteristics of representative large
solar proton events, and use those in the next section to illustrate atmospheric
effects.
First we consider energetic protons emitted by the sun during large solar
flares. These penetrate the Earth's atmosphere to various depths depending on
energy spectrum, atmospheric density and terrestrial magnetic field shielding.
The magnetic field imposes a cutoff latitude equatorward of which protons cannot
reach the lower atmosphere. The cutoff is rather sharp, within a degree or two
of latitude, but in a typical event the cutoff latitude moves equatorward as the
event intensifies. In large events, the cutoff may move to as low as 50 geomag-
netic latitude. With a given flare, the proton flux enhancement begins within an
hour or two after flare eruption, and gradually intensifies to a maximum some
hours later, followed by a gradual decay to normal. An entire event may last
from about 12 hours to four or five days, and the proton flux maximum intensity
can vary widely from one strong event to another.
Proton energy spectra and their corresponding ion-pair production rates for
representative solar events occurring in the period 1965-1969 have been reviewed
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by Zmuda and Potemra (1972), who showed that the integral spectral shape usu-
ally follows the form J(>E) = JQ exp (-E/EQ), where J(>E) is the flux (cnf2 s"1
ster ) of protons with energy greater than E (MeV), and J and E are constants
o o
established by the experimental data. E is often referred to as the "folding
energy" of the distribution. The spectrum for the maximum proton intensity
of the Nov. 2, 1969 solar event at 1600UT is given in Fig. 2.2, in which J =
3 -2 -1 -11.9(10 ) cm s ster and E =29 MeV. After a secondary maximum at about
2300UT, the proton flux decayed to give the 0300UT, Nov. 3 spectrum shown in
the same figure.
Also in Fig. 2.2 is a spectrum for the Aug. 4, 1972 event based on satellite
(Kohl, et al, 1973) and balloon (Bazilevskaya, et al, 1973) measurements during
the period approximately 1500-1600UT,within the maximum intensity phase. It
can be seen that the spectral form is similar to that for Nov. 2, 1969, but the
intensity is considerably greater. The peak proton flux measured by Kohl, et al,
(1973), occurred at about 2200UT on Aug. 4, with intensities of 1.1(10 ), 2.5(10 ),
/ O T T
and 7.8(10 ) cm" s~ ster" for E >10, >30, and >60 MeV, respectively. The
5 -2 -1 -1
spectral equation for these data is satisfied by J = 8.0(10 ) cm s ster
and E =25,8 MeV.
o
2.4 Proton Effects on the Atmosphere
The foregoing spectra can be converted to-ion-pair production rates (Q) as
a function of height by an accurate approximation of the method outlined by Reid
(1974). That is, Q = J(>E)Q (E), where Q is the specific ionization rate (ie,
S S
number of ion pairs produced by a single proton) at the stopping altitude for a
proton energy of E (Fig. 2.3). The contribution at that altitude by protons with
energy greater than E is roughly compensated for by use of the integral spectrum,
-11-
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Fig. 2.2. Integral energy spectra for solar protons during selected
PCA events.
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that is J(>E), in the simplification used here.
The resulting Q curves for the spectra mentioned.above are illustrated
in Fig. 2.4, along with several others for comparison. Curve 1 for the maximum
phase of the proton event of Nov. 2, 1969 compares reasonably well with the Q
profile (not shown) computed by Zmuda and Potemra (1972) using more rigorous
methods, implying that the simplification used here is adequate for the present
argument.
Further support for this adequacy is given by the comparison of curves 2
and 3 in Fig. 2.4. Curve 2 was computed by the present method using the spec-
trum of Fig. 2.2 for .the August 4, 1972, 1500-1600UT period. Curve 3 was cal-
culated for Aug. 4, 1508UT, by Reagan and Watt (1976) using their "Proton"
computer code with proton energies 0.1 to 100 MeV. At and above 35-km altitude,
curves 2 and 3 agree within about +25% or better. The Reagan and Watt curve
stops at 33-km altitude due to their truncation of the proton energy spectrum
at 100 MeV, and the neglect of the higher energy particles leads to too-low
production rates at the lower heights. Curve 2 includes all proton energies up
to 550 MeV, the upper limit of the Soviet balloon measurements; its accuracy below
30 km only may be in doubt until the questioned reliability of the balloon proton
data (E - 220 MeV) used in Fig. 2.2 is established (J.B. Reagan, private communi-
cation, Jan. 1977).
The peak of the Aug. 4 event at 2200UT as defined by the Kohl, et al (1973)
measurements produced the largest ion-pair production rate (Fig. 2.4, curve 4)
of any of the events investigated. Curve 5 was derived from proton data by
Bryant, et al, (1962) for the Sept. 29, 1961 event. Their peak fluxes, for
E > 130, > 340, and > 600 MeV best follow a power-law spectral shape given by
J(>E) = J E " so the Q curve extrapolations from an exponential form may
-14-
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Fig. 2.4. Ion-pair production rate as a function of height due to
precipitating electrons (curve 8), galactic cosmic rays
(curves 6 and 7), and solar protons during selected PCA
events (curves 1-5).
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not be very accurate; it is included in Fig. 2.4 only to demonstrate that during
intense events, ionization enhancements and presumably NO enhancements due to
solar protons may be manifest at altitudes down to and perhaps below 10-km height,
and even low-lying ozone might be affected.
It is evident that injections of solar protons produce ionization above 20 km
considerably in excess of the normal quiet background production rate provided
by galactic cosmic rays in both sunspot minimum (curve 6) and sunspot maximum
(curve 7) years. These two curves, due to Webber (1962), demonstrate the solar
cycle variation in cosmic ray ion-pair (and proportionately NO) production at a
magnetic latitude of about 70 . There is also a latitudinal variation in cosmic
ray intensity, and hence in the cosmic-ray ion-pair and NO production rates,
which peak near the tropopause. The intensity is minimum at the equator and
increases nearly two orders of magnitude until about 60 geomagnetic latitude,
where it becomes relatively flat (Neher, 1967; 1971). Significant cosmic ray
decreases (Forbush decreases) occur during large geomagnetic storms, which may
but need not be associated with solar proton flares.
During major solar proton events a maximum reduction in cosmic ray flux
of 30% at ground level is not uncommon, and Pomerantz and Duggal (1973) reported
a 50% decrease for the Aug. 4, 1972 event. The recovery to predisturbance level
can take from one to several days (McCracken, 1963). This decrease is manifest
from the ground up to balloon altitudes and the fractional decrease near 15-km
altitude appears to be 15-20% greater than at ground level (Webber and Lockwood,
1962). Also, weaker decreases occur with the passage of solar magnetic sector
boundaries past Earth. Corresponding variations can therefore be expected in
the ion-pair production rates due to.cosmic rays at altitudes below 20 km.
The reduction is thought to take place because the solar proton event modifies
-16-
the interplanetary magnetic field, which in turn modulates the galactic cosmic
ray flux. A similar modulation mechanism explains the solar cycle variation in
the intensity of galactic cosmic rays.
The ionization due to precipitating electrons associated with auroral events
has also been considered. It generally exceeds the ion production rate due to
cosmic rays only at altitudes above about 60 km (cf, Zmuda and Potemra, 1972),
but occasionally can be significant to about 55 km. An example is shown in Fig.
2.4 (curve 8), where Q was derived from electron data reported by Larsen, et al
(1976) over Ottawa, Canada. It can be seen here that the ionization and probable
NO production would be too high in altitude-to- enter directly into an, effect on ozone
iii the heights corresponding' to' 4 to 0.4r mb pressure levelsi Enhanced5 ioniz'ation or
other effects may be produced at lower heights by bremsstrahlung associated with
auroral electrons or by relativistic electron precipitation (REP) events, but
this possibility has not been investigated under the terms of the present contract.
Thorne (1977) has recently shown that REP events may affect the ozone layer.
From the ion production curves due to protons in Fig. 2.4, it is evident
that solar protons have sufficient energy to penetrate to heights where the ozone
layer can be affected. Thus, PCA events, or solar-terrestrial disturbances marked
by the emission of high energy protons from the sun can be expected to affect the
ozone distribution. An example of this is discussed in the next section.
2.5 BUV Ozone Measurements in July-August 1972
An analysis of Nimbus 4 BUV ozone data taken during the August 1972 solar
proton events has been reported by Heath et al (1977). The basic reduced data,
reproduced in Fig. 2.5, consists of daily zonally averaged 0 concentrations above
the 4 mb (approx. 38 km) height level up to the 0.4 mb (about 55 km) level. The
-17-
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Fig, 2.5. Daily, zonally averaged total ozone above 4 mb pressure
level (about 38 km) for equatorial (top panel), middle
(middle), and high (bottom) latitudes during July and
August 1972 (from Heath, et al, 1977).
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zones ,fpr averaging are geographic latitude-bands 10 wide, beginning with the
equator-centered band 5 S-5 N. The highest latitude band, 75°N-80°N, is only
5 wide because of the 100 inclination of the Nimbus 4 orbit. Daily averages
are plotted for three zones from July 1 (day 183) to August 30 (day 243) in Fig.
2.5.
For investigation of solar electromagnetic radiation effects, especially
flare-associated bursts on ozone, geographic coordinates are appropriate, but
for effects of energetic particles (including REP events and bremsstrahlung
associated with precipitating auroral electrons), geomagnetic coordinates would
be better. To illustrate geomagnetic effects, note that for the altitude range
covered by the reported BUY measurements for August 1972 (that is, 38 to 55 km),
the energy required for solar proton penetration is 60 MeV to 20 MeV (Fig. 2.3);
the magnetic rigidity of these protons is about 0.2 to 0.4 GV and the correspond-
ing geomagnetic cutoff latitude is approximately 70 . In other words, those
solar protons with energies capable of affecting ozone in the measured region
can only penetrate at geomagnetic latitudes near and poleward of 70°.
In Fig. 2.6 it can be seen that the 75°N-80°N zone utilized by Heath, et al
(1977) falls almost entirely within the 70 geomagnetic cutoff latitude, so that
the ozone could be affected by the incoming protons at all longitudes. (That
the ozone was indeed affected by the Aug.4/ Aug. 7 solar proton events in this
latitude zone is evident in Fig. 2.5). The middle-latitude zone of 55 N-65 N,
however, lies completely equatorward of the geomagnetic cutoff latitude at all
longitudes going counterclockwise from about 30 W through 180 to 120 W (Fig.
2.6); in other words, the middle-latitude zone would be affected by the solar
protons only in the roughly 90 -wide longitude sector between 30°W and 120 W
(going clockwise in Fig. 2.6). Moreover, in this 90 sector the fraction of the
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150'E
liO'E
I70*E
180*
I6O-W
30W
J. A. WHALEN
AFCRL
CSPC
GEOGRAPHIC COORDINATES pioti.d ,in CORRECTED GEOMAGNETIC COORDINATES;
Fig. 2.6. Geographic latitude bands (hatched areas) of 55-65 N and
75-80 °N used by Heath, et al (1977) compared to 70°N geo-
magnetic latitude cutoff (dashed circle), plotted on a
Whalen (1970) map grid.
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zone within the cutoff latitude is not constant, but varies from zero at the
edge to a maximum of approximately 75% at the geographic longitude 80°W.
Now, it can be seen in Fig. 2.5 that in the polar zone the ozone concentra-
tion is depressed continuously from the time of the solar event on Aug. 4, .
until at least the end of August. Let us assume, therefore, that a similar ozone
depletion existed throughout the polar region contained within the 70° geomagne-
tic latitude circle outlined in Fig. 2.6. If this were true, the satellite would
observe a depletion in the middle-latitude zone only when traversing that zone in
the 90 - wide longitude sector from 30 W to 120 W. Moreover, it would see that
depletion only on the day side due to the nature of the backscattered ultraviolet
experiment. This situation, coupled with the precession rate of Nimbus 4 (approxi-
mately 4.0 deg/day) would introduce a modulation with a period of about 7. days
in the daily zonal averaged data for the 55 N-65 N band. Such a modulation may in
fact be evident in" the data of Fig. 2.5.
With regard to the difference in fractional decrease in 0 between the polar
band and the middle-latitude band, it is evident that in the former, the measure-
ments on passes covering all longitudes were inside the affected region, while
in the latter only a portion of the passes crossed the affected region. Thus,
the daily, zonally averaged data would show less effect in the middle-latitude,
compared to the polar band. This is evident in Fig. 2.5, where i-n the bottom panel
(75°N-80°N) the decrease is roughly 15% and in the middle panel it is perhaps
5%. The modulation behavior and the apparent difference in ozone depletion both
become clear when the ozone data are interpreted in terms of geomagnetic coordi-
nates.
To unravel the effects of electromagnetic radiation from solar flares on
high-altitude ozone, geographic coordinates are suitable. Most attention should
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be paid to tiroes when Nimbus 4 is passing over or near the subsolar point at
times close to solar flare eruption. Care should be exercized, however, to
avoid particle effects. There is a hint in the equatorial zone (5°S-5°N) data
of Fig. 2.5 that the ozone concentration above 4 mb may be responding to solar
flares. For example, on days 220 (Aug. 7), 232, 235, 238, and 242, solar flares
occurred with importances ranging from IB to 3B. There is at least a suggestion
of a decrease in ozone concentration on the same days, but additional investi-
gation of this possibility is required before final conclusions can be drawn.
The observed behavior, for example, might be due simply to the day to day varia-
bility of ozone.
3.0 AUROROZONE WORKING GROUP MEETING
3.1 Introduction and Summary
Operation Aurorozone was a coordinated experimental program carried out
at Poker Flat, Alaska (65.13 °N, 147.48 °W) during the period Sept. 19 to Oct.2
1976. The principal objective was to measure atmospheric responses to auroral
activity. Atmospheric quantities measured (and the principal investigators) were:
Ozone (Hilsenrath, Randhawa, Krueger*)
Conductivity (Mitchell)
Neutral Temperature (Olsen, Randhawa)
Electron Density (Vondrak and Wickwar, Doupnik, Ssuszczewicz)
Electron and Ion Temperature (Wickwar, Szuszczewicz)
"Full names and affiliations of investigators and workshop attendees mentioned in
the text are given in Table 3.1.
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The principal measurements of auroral energy were:.
Bremsstrahlung (Goldberg, Barcus, Williamson, Parks)
Precipitating Electrons (Goldberg, Vondrak, Jones)
Ground-based detection of auroral activity included riometers, magneto-
meters and all-sky auroral cameras. Also, Barcus and Williamson measured cosmic
ray background with balloon-borne detectors.
Rocket and balloon launches were carried out during two auroral events on
Sept. 21 and Sept. 23. The designated control day, Sept. 25, started out quiet
but ended disturbed. Ozone data were obtained before and a-fter a relativistic
electron precipitation (REP) event on Oct. 1.
A Workshop Meeting of participants in Operation Aurorozone was convened by
Project Scientist Dr. Richard A. Goldberg to review and evaluate results of the
program for collaboration and future presentation. For convenience to participants,
the meeting was held in Seattle during the IAGA/IAMAP Symposium on a non-
competing day. The main points covered by the discussants in the workshop are
summarized in Section 3.2. It must be noted that the data and discussions in
the following pages are for information only. Utilization of experimental results
or other information contained in this section must be cleared with the cognizant
project scientist (see Table 3.1).
3.2 Workshop Highlights
Preliminary results of the various experiments are given in this section in
the order presented at the workshop meeting, and discussion highlights are in-
cluded at the point where they occurred.
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Table 3.1 List of Investigators and Workshop Attendees for Operation
Aurorozone mentioned in the Text,
James R. Barcus"
Joe R. Doupnik
Richard A. Goldberg
Les Hale
John R. Herman
.Ernest Hilsenrath
William Jones*
Arlin Krueger
John D. Mitchell
Bob Olsen
George Parks"
Suri Ramakrishna
Jagir S. Randhawa
R. Seshainani
Ed Szuszczewicz*
Richard Vondrak
Vincent Wickwar
Roger Williamson*
Univ. of Denver (Colo.)
Utah State Univ.
GSFC, Greenbelt, Md.
Penn State Univ.
Radio Sciences Co.
GSFC, Greenbelt, Md.
NASA/GSFC
GSFC and Colo. State U.
Univ. Texas - El Paso
Atmos. Sci. Lab. WSMR
Univ. Wash. Seattle
Bangalore, India
Atmos. Sci. Lab. WSMR
Bangalore, India
Naval Research Laboratory
SRI International
SRI International
Utah State Univ.
(303) 753-2135
(801) 452-4100
(301) 982-4603
(814) 865-6337
(305) 723-7425
(301) 982-5254
(301) 982-6224
(303) 491-8527
(915) 747-^5470
(915) 678-1939
(206) 543-0953
(915) 678-1817
(202) 767-2513
(415) 326-6200 X4732
(415) 326-6200 X 4782
(801) 752-4100 X 7879, 7395
*Not at Workshop Meeting.
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3.2.1 Overview by Goldberg
Dr. Goldberg, Project Scientist, began the day with a review of the overall
operation, with emphasis on the balloon and rocket schedule. To obtain neutral
temperature and wind data, datasonde flights were made each universal day at
approximately the same time (about 07UT, or 9 PM Alaska Standard Time (AST)), as
indicated by the letter D in Fig. 3.1. Early morning flights were also launched
on Sept. 21, 23, 28, and Oct. 1. Bob Olson reported details of the measurements
as analyzed to date (see section 3.2.9).
Also keyed to Fig. 3.1, the ozone soundings were discussed separately by
Hilsenrath (03~H), Randhawa (0 -R; 03-BAL) and Krueger (03-K). The balloon
measurements by Parks on Oct. 1 during the REP event have not been analyzed yet,
and since Parks was unable to attend the workshop, no discussion of this point
was made. Also, Barcus was unable to attend, but Goldberg reported that on Sept.
23, the Balloon (BAR) was blown southward after launch and Barcus apparently .
did not detect any X-rays. (A comment from the floor suggested that since brems-
strahlung is emitted isotropically, Barcus should have a closer look at his data
to see if any southward-directed bremsstrahlung from the aurora might be detect-
able, and to what distance.)
It was noted that Sept. 25 started out quiet, when Hilsenrath launched his
0 rocket, but was disturbed by the time the blunt probe (BP) was launched.
The instruments aboard Goldberg's Nike-Tomahawk (NT) rockets were: particle
• detectors to measure energetic electrons with E 1^5, 25, 40 and 100 kev:
probes to measure ionospheric electros-'temperature and density; Nal crystals,
looking upward to measure energy deposition from downward propagating brems-
strahlung, and looking downward to measure the upward component (radiated and
scattered).
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DAY/HOUR 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Sep 19 1
20 1
2 1 1 2 3 4 5 1 6
22 1
2 3 1 7 8 2 3 7 4 2 6
1
24 1
2 5 1 5 7 6
26 1
27 1
28 1 • . 9 8 1
29 1 8
3 0 1 7 4
Oct 1 6 10 1 91
2
KEY:
1. (D) Datasonde
2. (0 -R) Ozone rocket by Randhawa
3. (NT) Nike Tomahwak by Goldberg
4. (G) Gerdien condenser by Mitchell
5. (0 -H) Ozone rocket by Hilsenrath
6. (0--BAL) Ozone balloon by Randhawa
7. (BP) Blunt probe rocket by Mitchell
8. Balloon by Barcus
9. (0 -K) Ozone rocket by Krueger
10. Balloon by Parks
Fig. 3.1. Schedule of successful flights during Operation Aurorozone (after
Goldberg, unpublished data).
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the Nal crystals. On both NT flights X-ray data were obtained only on the upward-
looking scintillation detector because of mechanical malfunctions.
In a short review of the energetics involved in the deposition of precipi-
tating electrons and X rays, Goldberg noted that the X rays of greatest interest
to the Aurorozone campaign were those of energies 5-25 keV, with energy deposition
heights from 75 down to 40 km. The corresponding electrons producing X-ray flux in
this energy range have deposition heights of approximately-120 km;down to roughly 90 km.
(Olsen asked if one could expect a neutral temperature increase due to the energy
input from electrons and X rays; Wickwar and Vondrak suggested that the atmosphere
would constitute too large a heat sink and the neutral temperature wouldn't change
much.)
Two successful NT launches were made, on Sept. 21 (flight no. 18.178) and
Sept. 23 (no. 18.179), both on disturbed nights when auroral activity was present.
For Event 1 (Sept. 21), riometer measurements indicated increased absorption,
the College (Alaska) magnetometer 3-hour K index reached as high as 6, and the
all-sky cameras recorded visual arcs and surges. A pronounced sabstorm surge
was observed in the period 1250-1253UT.
For Event 2 (9/23), a strong substorm developed (Doupnik showed some all-sky
camera pictures of this), the precipitating electron flux reached approximately
6 -2 —1 -110 elec cm s ster , and there were probably X rays present.
Partially analyzed data presented by Goldberg show that for both flights
18.178 and 18.179, the energetic electron flux increased greatly when the rocket
reached about 100-km altitude. The channel for E > 40 keV showed a fairly steady
flux as long as the rocket was above about 100 km for both flights, while the
E > 15 keV channel showed a similar steady flux on flight 18.179 but the intensity
dropped rather quickly after its initial buildup on flight 18.178. This is tenta-
tively interpreted to HE an that the electron energy spectrum was harder and caused
X-ray fluxes over a larger geographical area on Sept. 23.
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than on Sept. 21. (It was suggested that copies of the time plots showing these
results be distributed to the workshop participants.)
3
X-ray data reduced to energy deposition (eV/cm sec) as a function of altitude
showed peak bremsstrahlung deposition at about 70 km on 9/21. On 9/23 (18.179)
the peak was broader and centered near 65 km, but significant deposition was
measured at 40 km and below. At these low heights the deposition measured by
18.179 was a factor of 10 greater than for 18.178, also indicating a harder
spectrum on 9/23 compared to 9/21.
From data taken by geiger-counter telescopes pointing up, down and at 45
angles up and down, it should be possible to obtain electron fluxes, their energy
distribution and pitch angle distribution. Preliminary results indicate that at
about 150 km altitude, the E ^  15 keV channels showed little spin modulation so
the fluxes were essentially isotropic. (Vondrak expressed a desire to obtain a
couple of data points from each flight at the earliest opportunity, to compare
with his determination based on Chatanika radar results.)
3.2.2 Chatanika Radar Results by Doupnik
Preliminary results of electron density (N ) distributions as derived from
backscatter radar measurements at Chatanika were presented by Doupnik for the 9/21
and 9/23 auroral events.
For 9/21, the N distribution in altitude and range north and south from
G
the radar site was averaged over the NT rocket flight period of 1249-1255UT. The
radar covered the physical region traversed by the NT rocket (the rocket signature
is evident in the radar data), so good comparisons can be made. Doupnikfs results
show a sharply bounded precipitation area whose northerly cutoff point was north
of the Poker Flat launch site, so the NT (18.178) upleg passed through a region of
strong precipitation and associated enhanced electron density. The downleg of the
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18.178 flight was well north of the precipitation cutoff. According to Doupnik's
all-sky camera photographs, the NT launch occurred during the maximum aurora
for 9/21.
On the night of Event 2 (9/23), Doupnik's results indicate that the NT
rocket (18.179) upleg passed through the southern edge of the maximum precipitation
zone, but the downleg was well to the north of the maximum zone. Recalling that
the cosmic-ray/X-ray balloon released by Barcus at 07UT that night had drifted
southward, Doupnik pointed out that no radar scan south of Chatanika was made,
so direct comparisons can't be made.
It will be difficult to derive electron temperatures from the radar data
because the equipment was operated only in the scanning mode and signal strengths
were low.
3.2.3 Chatanika Radar Results by Vondrak
Basic radar data from Chatanika taken on the nights of 9/21 and 9/23 in
conjunction with the NT launches were analyzed by Vondrak and Wickwar to obtain
electron densities as a function of altitude and range, integrated densities
along magnetic field lines above 85 km, volume energy deposition rate of precipi-
tating auroral electrons, and differential energy spectra of incident energetic
,particles.
Vondrak's remarks have been summarized in a preliminary data report entitled
"Chatanika Operations During Flights of Aurorozone Rockets 18.178 (21 September
1976) and 18.179 (23 September 1976)", dated 24 August 1977, by Richard Vondrak
and Vincent Wickwar, which was distributed at the Workshop. Thus only a few
notes are appropriate here.
In response to a question from the floor, Vondrak stated that "Distance
North" as used in his talk and the above-cited report is "ground range", i.e.,
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the great circle distance along the Earth's surface from the radar site to a
point vertically below the point of interest in the ionosphere.
The differential energy spectrum of incident particles is obtained by decon-
volving the electron density distribution along a field line. The total ion-pair
2production rate at any altitude is Q = <X N , where N is the electron density at
that altitude and <^L is the effective recombination coefficient. In response to
a question from Hale, Vondrak explained that the value of &L used by his group is
an average of many determinations by a number of workers. He also noted that it
is much more variable below 90 km than above because of chemistry and tempera-
ture effects.
The differential energy spectrum J(E) derived by Vondrak for 9/21 has a fold-
" S
ing energy E &3 keV; Goldberg will attempt to derive an E from the NT rocket
measurements for comparison.
In passing, Vondrak mentioned that the Chatanika radar facility now has the
capability to make tropospheric measurements; in the height range 1-25 km they
can get the neutral wind profile and vertical motions. Perhaps later they will
be able to derive temperature and pressure data on the neutral atmosphere.
In the discussion of volume energy deposition derivable from Chatanika radar
data, Hilsenrath said he would like to get numbers for integrated deposition for
the whole night, or better, for the first and second halves of the night. Doupnik
stated that he could do something along that line. This information could be
useful for not only Hilsenrath's ozone analysis, but also analyses of temperature
changes reported later in the Workshop Meeting by Olson.
3.2.4 Ionospheric Temperatures by Wickwar
Chatanika radar data were utilized for extracting electron and ion tempera-
tures in the auroral region of interest to Aurorozone by Wickwar. Preliminary
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results apply to two points in the ionosphere; in the context of Fig. 2 of the
preliminary report by Vondrak and Wickwar, the two points were along the NT rocket
trajectory at 55 km range, 115 km height, and 185 km, 235 km, respectively. The
upper point is close to the trajectory apex in the F region for 9/21, where the
electron temperature was 800-1100 K. The lower point (55 km, 115 km) is near the
electron density maximum measured in the E region by the radar, and the electron
temperature was 500-600 K.
Among the items of interest pointed out by Wickwar were the following:
(a) A rise in electron heating is indicative of particle pre-~-
cipitation heating;
(b) A rise in ion temperature is indicative of joule heating;
(c) Rocket probe measurements of electron temperature in Alaska
have always been much higher than the temperature measured
by the Chatanika radar.
3.2.5 Ozone Results by Hilsenrath
Hilsenrath concentrated on rocket measurements on the nights of 9/21 (at
approximately 1330UT) for a disturbed period experiment and 9/25 (approx. 07UT)
for a quiet period. Results were expressed as mixing ratio (ugm of 0 per gram
of air); to obtain ozone density, his data has to be multiplied by atmospheric
density.
Hilsenrath distributed curves of his 9/21 and 9/25 results showing mixing
ratios as function of height to the workshop attendees. Comparison of the two
flights shows that at all heights above about 35 km, the disturbed night (9/21)
0 mixing ratio was less than it was on the quiet night (9/25) by up to 15%.
The mixing ratio was measured up to 70-km altitude on 9/25, and its magnitude in-
creased monotonically from 60 km up to 70 km; it was pointed out that this was
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due to the fact that at night above 60 km, atomic oxygen combines with 0 to yield
additional ozone (odd oxygen is all in the form of ozone).
Hilsenrath stated that the differences between the quiet and disturbed night
are real and not measurement error, but they might be due simply to day-to-day
variability rather than being associated with the auroral event on 9/21. Due to the
launch times, there probably weren't any sunlight affects on his results.
In speculating about possible physical mechanisms to explain the lower density
on 9/21 compared to 9/25, Hilsenrath suggested that additional ozone sinks (NO or
OH ?) might have been formed, or disassociated by radiation produced by the evant,
or that the ozone was removed directly by precipitating particle effects if they
reached a low enough altitude. Hale asked if it might be due to downward trans-
port, since Hilsenrath's curves indicate that the mixing ratio below 35 km was
higher on 9/21 than 9/25.
As a matter of general interest, Hilsenrath distributed neutral temperature
maps of the northern hemisphere for pressure heights of 5 mb to 0.4 mb, averaged
over the periods 9/13-17, 9/19-24, and 9/27-10/1. They were derived by NOAA from
satellite and rocketsonde data.
3.2.6 -Ozone Results by Randhawa
Randhawa discussed preliminary results of balloon and rocket measurements
of ozone density and neutral temperatures. The results included balloon measure-
ments up to 32.5 km height of neutral temperatures on Sept. 21, 23, and 30, and
ozone density measurements on Sept. 21, 23, and Oct. 1. The rocket measurements
were of ozone density for 25 to 70 km altitude on Sept. 21 (0837UT), Sept. 23
(0953UT), and Sept. 23 (1327UT). The rocket and balloon data overlapped in the
height range 25-32.5 km, and good agreement was obtained with the two techniques.
On Sept, 23, the first flight at 0953UT was made while conditions were still
quiet, and the disturbance was well under way by the time of the second flight at
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Sept. 20
21
22
23
24
308 units
294
296
284 '
290
Sept. 25
26
27
28
29
1327UT. Randhawa showed that at 50-km height on the 0953UT flight, the ozone
16 3density was 8.6(10 ) raolecules/m , and at the same height under disturbed condi-
tions (1327UT flight) it was 5.6(10 ) mol/m . The decrease in ozone density
was observed at all heights above 35 km, in agreement with Hilsenrath's results.
For background information, Randhawa listed results of groundbased measure-
ments of total ozone at Point Barrow for the first week of the Aurorozone cam-
paign as follows (in Dobson units):
298 units
296
273
Krueger suggested that for the autumn period, the Dobson measurements at Point
Barrow are probably representative of total ozone also at Poker Flat.
3.2.7 Ozone During a REP Event by Krueger
Krueger reported on his rocket measurements of ozone density from about
20 to 65 km altitude during the relativistic electron precipitation (REP) event
of 10/1/76, compared to his control day flight on Sept. 28.
The REP event was evidenced by a 10-dB riometer absorption event (as reported
by Doupnik), and by balloon detection of relativistic particles by Parks (as
reported by Goldberg in the absence of Parks).
Krueger1s results, expressed as ratios to mid-latitude ozone densities,
indicate that above 40 km height, the ozone concentration decreased from the
control day (9/28) to the REP day. Above 50 km altitude the decrease was about
20%. His results are at least qualitatively similar to the Hilsenrath and
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Randhawa findings for the 9/23 auroral event.
With Krueger's data expressed as mixing ratios, there was no difference
between 9/28 and 10/1. However, the neutral density profile used for converting
to -mixing ratios was a model which changed from September to October, and the
change was apparently such that it just compensated for the ozone change from
quiet to disturbed conditions.
For quantitative comparison between the Hilsenrath and Krueger measurements,
real neutral air densities would be required. Olsen volunteered that he could
extract neutral densities from his neutral temperature data.
3.2.8 Conductivity Measurements by Mitchell
* /
To facilitate his discussion, Mitchell passed out copies of 16 figures.
These consisted of computer generated height profiles of positive conductivity
(<TI|_), positive mobility (k+), and positive ion density (N+), based on rocket
measurements at Poker Flat during Operation Aurorozone. The relationship between
these three atmospheric parameters is:
= let S>+k+
where N and k+. are the density and mobility of the ith positive ion species.
Measurements were made with both blunt probes (BP) and Gerdian condensers (GC).
Mitchell gave a rather complete analysis of his results; some of the highlights
are touched on here.
For example, comparing quiet night conductivity profiles from mid-latitude
(White Sands Missile Range - WSMR) and high latitude (Poker Flat) locations,
Mitchell showed that the high-latitude profile slope changes (decreases) abruptly
at about 50-km altitude, indicating that even on quiet nights in high latitudes
there is a persistent ionization source which might be bremsstrahlung X-rays from
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precipitating auroral particles. Comparison of 5 shots in Sept. 1976 at Poker
Flat indicates the penetration depth of this ionizing source varies between 45
km (9/23 disturbed night) and 55 km (9/30 quiet night).
The (?"+ profile at Poker Flat for 9/23, 0220AST, compared to a profile taken
about one hour earlier (at 0137AST) and another four hours earlier (at 2200AST on
9/22), has a larger magnitude than these earlier profiles at all altitudes below
about 45 km all the way down to the measurement limit at about 25 km height.
Above about 50 km, however, the 0220AST profile is smaller than the other two.
Considering the timing involved, this rearrangement in tfT. could indicate a
downward transport of ionization. This explanation is subject to caution, said
Mitchell, because the 0220 profile was obtained with a Gerdian condenser while
the other two were blunt probe measurements. Hale pointed out that the BP is
insensitive to angle of attack but the GC is highly sensitive.
With regard to mobility measurements, Mitchell's analysis differentiated
several groupings of mobilities (from low to high) attributable to different ionic
*>
species. Ions with intermediate mobilities seemed to cut off abruptly at the
height of the slope-break in conductivity discussed earlier. The associated
ion density profiles have different slopes for different (but unidentified)
ion species; this difference is probably explainable by differing recombination
rates for the various unknown ions.
3.2.9 Datasonde (Meteorological) Data by Olsen .
There was a question with regard to the datasonde data for the 9/23/76,
07UT shot. Olsen didn't have it with him, or there may have been a mixup in
dates. This will be resolved by Olsen later.
Olsen showed neutral temperature profiles measured on 9/20, 07UT (control)
compared to 9/21, 07UT and again at 14UT (aurorally disturbed). For the two daily
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consecutive flights at 07UT the temperature profile remained about the same, but
by the time of the 14UT shot on 9/21, the upper air temperature had decreased sig-
nificantly. This could have been a diurnal effect, and further analysis is re-
quired. However, the datasonde flight of 9/22 at 1015UT found a much higher tem-
perature above 50 km height compared to the measurement on 9/20 at 07UT, and on
9/28 the temperature above 50 km was higher than it had been on 9/21; this suggests
that diurnal effects were unimportant in the above comparison.
With regard to wind structure, there was high variability at the upper
heights, but not much variation lower down. In discussion, Ramakrishna pointed
out that errors in the wind velocity measurements are large at heights above
about 60 km.
In comparing temperature data for 9/21 and 9/22, Olson found some evidence
for downward transport of the neutral air.
3.2.10 Neutral Temperatures and Magnetic Activity by Ramakrishna
Ramakrishna distributed reprints of his paper "Day-Night Dependence of
Geomagnetic Activity Effects on Mesospheric Temperature", coauthored with R.
Seshamani (J. Geophys. Res., 81, 6173, 1976), and summarized his findings.
The important point is that neutral temperatures between 60 and 90 km
heights are positively correlated with the magnetic activity index Ap; that is,
the temperature increases during magnetic storminess. Spatially, the maximum in-
crease in temperature occurs at high latitude. The minimum lag time between an
increase in Ap and a corresponding rise in temperature also occurs at high lati-
tude. For example, the lag time at Ft. Churchill is approximately 15 hours, but
at Wallops Island it is roughly five days.
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3.2.11 A Downward Transport Mechanism by Hale
Noting that emerging observational evidence, including some presented at
this workshop, points toward the reality of significant downward transport in the
mesosphere and stratosphere, Hale outlined a physical mechanism to explain such
transport. His presentation was partly a preview of the paper he would be pre-
senting later at the IAGA/IAMAP Conference, and partly on additional background
and sideground.material relative to that paper.
As one application of his concept, Hale suggested that instead of having
condensation nuclei produced by solar activity (i.e., by solar corpuscles) with
subsequent meteorological consequences as envisioned by Roberts, Dickinson, and
others, let us consider momentum transfer to the neutral air. This transfer will
result in downward transport.
From a reanalysis of blunt probe data of Jan. 5, 1966, Hale concluded that
"there are enormous electric fields in the mesosphere." There are also aerosols
(say 0.01 ^ i particles) in abundance; the daytime density at 50-80 km is - 10 cm
These become electrically charged by incoming particles, and the large meso-
spheric E fields drive them downward. In their downward migration, they transfer
momentum to the neutral air ^ so-that-ultimately'there; is-a-downward ^bulk--transport
of the neutral atmosphere.
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